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EP 0 604 872 A1 

BACKGROUND OF THE INVENTION 

1 . Field ol the Invention 

The present invention relates to the structure of a liquid-crystal display device using a light-guide plate. 

2. Description of the Related Art 

A display device has heretofore been known in which liquid-crystal display elements are arranged in the 
form of 8 matrix to constitute a planar display means, a Hght-guide plate that serves as a back light is 
disposed on the back surface of the display means, «ght is introduced into the light-guide plate from side 
surfaces thereof from a suitable light source such as a fluorescent tube, and light is emitted from the plane 
of the lightKjuide plate to illuminate the liquid crystals from the back thereof. 

Figs. 2(A) and 2(B) illustrate structure of a convenbonal display device employing a light-guide plate 
15 Wherein Rg. 2(a) is a bottom view and Rg. 2(b) is an AA' sectional view of Rg. 2(a). The prior display 
device win now be described with reference to Rgs. 2(a) and 2(b). A Ught-^uide plate reflection sheet 21 is 
fastened by an adhesive tape or by melt-adhesion to the back surface of a Bght-guide plate 14 made of a 
transparent resin, and fluorescent tubes 13 are disposed a! both ends of the light-guida plate 14. A 
fluorescent tube reflection sheet 22 is fastened to the light^de plate 14 and to the light-guide plate 
30 reflection sheet 21 by using an adhesive tape 23 in a manner to wrap around the fluorescent tube 13. A 
liquid crystal display element 19 is disposed on the surface of the light-guide plate 14. and is hekS via a 
spacer 25 by a hoUing member 12 on the lower surface side and a holding member 20 on the upper 
surface side which are fastened together by screws 24. Both ends of the fluorescent tubes 13 are 
connected to a starting circuit 17 through lead wires 18, and the display element is connected to a display 
2S circuit 16 through a conrtection nrtember 15. 

The hoWing member 20 of the upper surface side is provided with a window 8 that covers the display 
area Oof thedisplay means 19. 

The hokJing member 12 on the tower surface side may have a stn/cture of covering the whole back 
surface of the <fisplay devk». In an example shown in Fig. 2. however, the hokUng member 12 of the tower 
30 surface side is provided with a large window I2a to decrease the total weight of the display devfce. 

The starting circuit 17 drives the fluorescent tubes 13 to emit light which is then guided to the light- 
guide plate 14 by the fluorescent tube reflection sheets 22. diffused into Kght of equal intensity by the light- 
guide plate reflection sheet 21. and is emitted onto the surface of the Bght-guWe plate 14. The light 
uniformly emitted from the light-^uide plate 14 makes it possible to recognize the contem displayed by the 
35 display means 19 that is drh^n by the display circuit 16. 

Fig. 3 is a back view of another conventional display device. In the case of this display devtoe the 
hoWing member 12 of the lower surface side has the structure of a deat to reinforce the display device and 
has a plurality of small windows 12a to reduce the weight. 

In recent years, advanced technotogy in fluorescent tube 13 and turn-on circuit 17 made it possible to 
40 emit light in amounts larger than ever before. Therefore, the temperature is higher than ever before at both 
ends of the fluorescent tube 13: i.e., the temperature being higher at portions dose to the fluorescent tube 
13 in the light-gukto plate 14 and being tower at porttons remote from the fluorescent tite 13. That is. the 
temperature variance in the light-guide plate 14 becomes greater than ever before. 

The display elements 1 9a of the display means 19 may be greatty affected by the temperature, and the 
45 temperature variance in the Hght-guide plate 14 may cause a variance in the display etement 19a and 
seriously impair the display quality of the display device. 

That is. in the above-mentioned conventional planar display device, the light-gutoe means is usually 
made up of an acrylic resin material which has a tow heat conductivity. 

As shown in Rg. 2(A). 2(8) or 3. therefore, the fluorescent tubes which are light^mitting means produce 
50 a high temperature at both sides of the Hghl-gukJe plate 14 that is the light-gukJe means. Therefore, the 
Bght^uide means 14 is heated only at porttons ctose to the light-emitting means, and the central portion of 
11)0 light-guide means 14 remains at a tow temperature. 

That is. temperature distributton takes place in the light-guide plate 14 whfeh is the light-guide means. 
Here, in general, the liquid crystal which constitutes the display mems exhibits an operating speed for 
55 transmitting fight or intenxipting light that generally varies depending upon the temperature, i.e.. ON/OFF 
speed. 

Rg. 4 is a graph in which the relationship bettfoon the voltage (V volt) of the lk)uid crystal display 
element and the light transmittance factor (T%) is ptotted with the temperature as a parameter, and wherein 
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a solid tine represents a change in the case of a k>w temperature I ' C. a dot-dash chain tine represents a 
change in Che case of an intermediate temperature M * and a dotted line represents a change in the case of 
a high temperature H *C. tt wilt be understood from this graph that the tight transmittance factor (T%) of the 
liquid crystal display element greatly varies depending upon the voltage. If a vottage at which a predeter- 
s mined light transmittartce factor (T%) of the Hquid crystal is exceeded, is speciHed tobe b threshold voltage 
Vth. it will be understood that the threshold voltage Vth undergoes a great change deperxling upon the 
temperature. 

In the conventional display device, when a temperature distribution takes place in the tight-guide means 
14. e.g.; when the temperature becomes high at a portion close to the light-emitting means 13 and low el 

10 the central portion as described above, a (>ortion of the the display means 19 close to the light-emitttrig 
means 13 t>ecomes 6atk and the central portion becomes white or vice versa. That is. spots develop on the 
display saeen of the display (tovice to greatly degrade the quality of the display screen. Depending upon 
the 5i2e and thickness of the Bght-guide plate 14. however, the temperature difference between the erKls 
arn) the central p>ortioh may increase to such a degree that cannot be neglected, since the ends of the Kght- 

rs guide plate 14 receive the heat emitted from the fluorescent hjbes 13. 

In order to solve the above-mentioned problem. Japanese Unexamined Utility Model Publication 
(Kokai) No. 4-96030 discloses a structure in which the back surface of a light-guide plate 14 and a 
fluorescent tut>e 13 are surrounded by a homing member 12 made of a metal. 

Rg. 5 is a sectional view of a display device disclosed in Japanese Unexamined Utility Model 

20 Publication (Kokai) No. 4-98030. Two fluorescent tubes 13 are fastened by an adhesive tape 23 to the light- 
guide plate 14 and are wrapped by a reflection sheet 26 made up of a fluorescent tube reflection sheet 22 
and a light-guide plate reflection sheet 21 as a unitary structure, and the homing member 1 2 on the tower 
surface side hoUing the light-guide plate 14 and the fluorescent tubes 13 is intimately adhered to the 
reflection sheet 26 on the back surface of the Itght-gukto plate 14 without t>eing provided with windows B tor 

25 reducing the weight 

With this constitution, the heat of the fluorescent tubes 13 is nearly uniformly conducted by the holding 
member 12 on the lower surface side to heat the whole light-guide plate 14 enabling the temperature 
variance to be decreased in the lighhguide plate 14. 

In the display device dtsckisad in Japanese Unexamined Utility Model Publication (Kokai) No. 4-96030. 
30 however, though the temperahjre variance decreases in the light-gukto plate 14. the large amount of heat 
generated by the fluorescent tubes 13 is directfy conducted to the light-guide plate 1 4 via the hokJing 
member 12 on the tower surface side. Therefore, the temperature of the whole light-gukle plate 14 rises 
and. hence, the temperature of the display element 19 rises, too. Depending upon the environment in wtiidh 
it is used, therefore, the temperature of the display element 19 often exceeds the upper-lImK temperahve 

39 and the display devtoe is no tonger usable. Moreover, the ends of the Hght-gukle plate 14 recede the heat 
emitted from the fluorescent tut)es 13. Depending upon the size and thickness of the light-guide plate 14. 
therefore, the temperature difference between the end porttons and the central portion often becomes so 
great that it cannot be neglected. 

According to the above-mentioned prior art though the temperature distribution does not take place in 

40 the light-guide means 14. the hokSng means 12. which is a heat conduction means, directly conducts the 
heat generated by the light-emitting means 13 to the light-guide means 14. so that the temperature rises in 
the Itght-gukto means 14. 

As win be understood from Rg. 4 which is a graph of light ti-ansmission factor of the display element of 
liquid crystal, the rise of the curve becomes less steep as the temperature rises. i.e.. the above-mentioned 
45 cun^e at a predetermir»ed voltage becomes flat. This means that the comrast becomes poor on a practical 
display screen. 

The occurrence of such a con(fition causes the quality of the display screen to be maritedly 
deteriorated. 

50 SUMMARY OF THE INVENTION 

A first object of the present invention ttierefore is to suppress the rise of temperature while making the 
temperature distribution in the display device uniform. A second object of the present inventton is to provide 
8 display devkre having high display quality and reliat>itity by making the temperature distribution of the 
55 display device more uniform. 

In order to accomplish the above-nrtentioned objects, the present invention basically emptoys the 
technical constitution that is described betow. That is, the display device comprises a planar display means 
constituted by liquid^rystal display elements, a light-guide means opposed to said display means, a light- 
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emitting means provided at least at an end portion of said light-guide means, a reHection means covering 
said Hght-emrttlng means, and a holding means that holds said means as a unitary structure, wherein 
provision is made of a heal conduction means constituted by a member having a large heat conductivity 
opposed to the surface of said light-guide means of the side opposite to the surface which is opposed to 
3 said planar display mear«, arxJ a mechartism between said heal conduction means and saki holding means, 
said mechanism limiting the conduction of heat between said heat conduction means and said holdir>g 
means. 

According to the structure of the display device of the present invention, the heat conduction ptate 
disposed on the back surface of the light-guide ptate is made of a member having a high heat conductivity 

to enabling the temperature dtstritxjtion to be nearly uniform. Therefore, temperature variance decreases in the 
fight-guide plate ar>d in the display means. Moreover, sir>ce a gap is provided between the holding member 
that cor>ducts the heat of the fluorescent lube and the heat conduction ptate. the temperature of the heal 
conduction ptate rises only a Irttfe and the temperature can be reduced in the tight-guide plate and in the 
display means. Accordir>gly. even when a display means susceptible to temperature is used, the display 

15 quality of the display device is not impaired, and the device can be used at a high temperature. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1(A) and 1(B) are diagrams illustrating the constitution of a display device according to an 
20 embodiment of the present invention, wherein Ftg. 1(A) is a back view illustrating the embodiment of the 
invention and Fig. 1(B) is a sectional view thereof: 

Figs. 2(A) and 2(B) are diagrams illustrating the constitution of a conventional display device, wherein 
Fig. 2(A) is a back view of the conventiortal display device ar>d Fig. 2(B) is a sectional view thereof; 
Rg. 3 is a back view itiustrating the constitution of another conventional display device; 
» Fig. 4 ts a graph showing light transmission characteristics of a liquid-crystaJ display element that is used 
in the display device; 

Fig. 5 is a sectional view illustrating the constitution of a furtf^er conver^ortal display device; 
Fig, 6 is a diagram itiustrating the constitution of a mechanism that Hmits the conduction of heat 
employed by the display device of the present invention and an airarigemeni thereof; 
30 Fig. 7 rs a back view illustrating the constitution of the display device according to artother emtxxliment 
of the present invention; 

Ftg. 8 is a back view itlustratirtg the constitution of the display device according to a further emtxxiiment 
of ttw present invention; 

Fig. 9 is a back view illustratirtg the constitution of the display device according to a still further 
35 embodiment of the present invention; and 

Fig. 10 is a back view illustrating the constitution of the display device according to another emtxxjiment 
of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the display device according to the present invention will now be described in detail 
with reference to the drawings. 

Figs. 1(A) and 1(8) are diagrams illustrating a display device having a basic constitution according to an 
embodlmem of tf>e present invention, wherein Ftg. MA) is a back view thereof and Fig. 1(B) is a sectional 
<5 view tftereof. 

Referring to Fig. 1(A) and Fig. 1(B), a display device 1 comprises a planar display means 19 constituted 
by a plurality of fiqukl-crystal display elements I9a. a light-guide means 14 opposed to said display means 
19. a light-emitting means 13 provided at least at an end portion of said light-guide means 14. a reflectfon 
means 22 covering sakl fight-emitting means 13. and a hoUing means 12 that hokls said mearts 19, 14 and 

50 13 as a unitary structure, wherein provision is made of a heat conduction means 11 constituted by a 
memt>er having a targe heat conductivity opposed to the surface 9 of said Sght-gutde means 14 of the skle 
opposite to the surface 10 which is opposed to saki planar display n^eans 19. and a mechanism 30 between 
said heat conduction means 11 artd said hoWing means 12. said mechanism 30 limiting the cor>duction of 
heat between said heat conduction means 1 1 and sakI hokling mearts 12. 

55 In Fig. 1(A) and Fig. 1(B), reference mjmeral 8 denotes a display oper^tng formed in the hokling mearts 
12. artd 21 dertotes a light-gukto plate reflection sheet that is intimately adhered to the light-guide mearis 
14. 
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^^e ligM-guida means 14 and two light-emitting means 13 are secured by a liuorescent tube reflecaion 
sheet 22 whid» is » reflectioo means. ■. 

According to Ihe basic technical idea of the present inventioo. the temperature distnbuHon is unifomn 
over the light-guide means 14 and. at the same time, the temperature o« the light-guide means 14js 
maintained at a value which is best suHed tor the threshold value (Vth) ol the l«,u«J-crystal d.splay elements 
19a which constitute the display means 19. For this purpose, the heat conduction means 11 h^nng a 
predetem,ined area is provided on the lighti^iide means 14. The heat ^''^'f^ 
me degree by which the h«U energy produced by the Sght-emitting means 13 prov«led at least at an end 
portiJrof the nght-guide means 1 4 is conducted directly to the heat conduction means it. so mat an 
amount of energy is conducted to the heat conduction me«.s il through a s.de path fom,ed 
^o^rHde edge of the heat conduction means 1 1 as a detoured heat path in a detouring manner, balance 
Tl^Z^HL. a temper«ure a, the centra, portion of the «9ht^,uide means 14 ^ « t«np^^ 
a portion of the light-guide means 14 cl<«. to the light-emitting means, .n order to make the temperature 
distribution in the Kght-ouide means 1 4 uniform. . ^ . . - 

to t.?p«sem invention as shown in Rg. 6. therefore, a feature resWes '^^.^^^^ 
^J^Jl between the heat conduCioo means 11 and the holding '^'L't^^^Z^' Z 
order to limit the conduction ol h«.t betw««, the heat conduction mean, it and 'f . 
S^cribed above, furthermore, the mech««sm 30 so worte that the energy €2 .-^ws ."nrtargw 
tt^heal conduction means 11 via a portion R2 of the light^^ide means 14 .n ^J^^^^"^^ 
the light^ittinB mean, 13 than the energy El that flow, into the heat ' ."^^ 

jSon R1 Of the ligM-9"i*» means 14 which is ctose to the light-emitting mean, 13 and ., .n parallel with 

'rrTwr^^e'techanisms 30 are provided b«ween me h«, conduction mea^n«jd die 
hotding means 12 to Hmit the conduction of heat, or conaetely *P«»'*"9- "^^^'^ 
omvMed in a oorSon R1 etose to the light-emitting means 13 and in a direction m parallel wrth the Bght- 
^S^:e^^3 arS inTporlion M in a direction at right angle. J*;- J^-^;'^ ' 
rZl/- rThL «>nductinn rnaans 11 and the holding means 12. it is desired that the mechanism 30-1 

eS» means^Vhas the ability of limiting ihe cor^Juction of heal wh«h ,s 
hSa^S conduction Of heat Of the mech«,ism 30.2 that is provided in me port^ 

right angles with the Bght-emiHinfl means 13. _ r h..» «v«*«^ifin between 

Next according to the present inventioo. me mechanic 30 tor l.m.t.ng me hert 
me c^SS m««, Tl and the hotolng means 12 i. predominantly provided .n a, lea^ «» p«bon 
Si wS.TS»ed between the heat conduction mean, 11 and the holding mean, 12 and «dw» to 
Z mZZ^ 13. Depending upon me case, the '-^'^^'-^^^J^^Jl^^ T'^'^ 
may not be provided in me portion R2 in a direction at right angles w,m (he hght-em^ng "^J^- 

pJh^^S^means ^4 used in tt« present invention is a pl-te^ilw member m«Je of a matenal 

havino a sman heat conductivity such as an acrylic synthetic resin. . ^ . ^ ^ . 

Mo!^. « is desired th« the light-emitting means 1 3 used In me present invention «. tor exampto. a 

"'^Fu'^liiS^'. the heat conduction means 11 used in me present invention is plate^iko m«nber made ol 
a material havinQ a high heat conductivity such as iron, copper, ahimimim or me like. 

iV<Z!SL^ reflection means 22 that covers the Bght-emitting me«« 13 used .n me disptey 

shou^SL wi^TS-. ,0 the area of the planar display me«« 19 or is smaller man m. area of 
me planar display means, or may have a large size as will be de^nbed later. 

ItVde^ that me mechanism 30 that limits me conduction of heat between the he« 
meal H^»» holding mean, 12 is me on. selected from a gap. a ,«t 40. a hole, a window 4, or me 

«rrt«rt«d hfitwean the heal conduction means 1 1 and the hokJing means 1 Z. 

?;'^,SSl!?sri that «mi,s the conduction of heat in ,P-rHL"tSl"2^ 
by Which me heat energy is conducted to the heat conduction means 11 from thf^^t-^n.lbng mwm 13^ 
SetSlr^^ gaps, slits, holes, windows 40 or me lil«. me greater me degree tor l-mmng «h» 

CSJ^T, desired as shown in Rg. 1 (A) mat the heat conduction rnea« 11 is comptetjy 
sop^a^ lraTme holding means 12. and a gap or a slit 42 is continuously formed to surround the 
periphery ol the heal coocJuction means It. 
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Rq. 1(B) is a sectional view illustrating the constitution of the embodiment, wherein the heat conduction 
means It ^^conmsted separately from the holding means 12. and is directly connectea to the opposing 
^n'SLl^^^^^ t4ortothelight^uidere«ectionsheet21 using a iunction means such ^ 

5 W-rth this constitution only, however, a predetem^inad amount of heat energy is not conducted to the 
heat conducHon mean, n from the light^itting means 13. As shown in Fig. ,(A) and Ro UB) tf«ref(« 
heat conduction assist means 3l is provided it suitable positions of the gap ^^cS^t 
means 12 and the heat conduction means 1 1 together. w ^ «> connect tne holding 

,n Ivk"*^"*^ thatthe heat conduction assist means 31 is provided in a number of at least one in the gap 
10 42 wh,ch IS the mechanism 30-2 for limiting the conduction of heat provided in at least the portion R2 in a 
direction at nght angles with the Ught-emrtting means 13. m« w rv: ,n a 

The heat conduction assist means 31 has a function of connecting and holding the hoWing means 12 
and the heat conduction means 1 1 in a fixed manner. 

There is no particular limitation In the number of the heat conduction assist means 3i The heat 
'5 conduction assist means 31 may be provided in a number of one or more as required. 

In order to finnly hold the heat conduction means 1 1 . furthermore, the heat conduction assist means 3i ' 
may further be provided even in the gap 42 which is the mechanism 30-1 for Umiting the conduction of heat 
provided in at least the portion Rl In a direction in parallel with the light-emitting means 1 3 

In mis case, it is desired that the number of the heat conduction assist means 3r provided in the oao 
20 42 tn the portion Rl in the direction in parallel with the Kght-emitting means 13 is smaller than the number 
of the heat conduction assist means 31 provided in the gap 42 in the portion n2 in the direction at rioht 
angles with the light-emitting means 13. ^ 

When it becomes necessary to provide the heat conduction assist means 31 in the same number in 
both of these portions, it is desirable that the heat conduction assist means 31' provided in the gap in the 
« portion Rl in the direction in parallel with the Pght-emitting means 13 has a width which is smaller than the 
width of me heat conduction assist means 30 provided in the gap 42 in the portion R2 in the direction at 
nght angles with the light-emitting means 13. 

As described above, the mechanism 30 that limits the conduction of heat ctf the present invention is 
constituted by gaps, slits 40. independently fonned holes, windows 41 or me tike. The sizes, lengms and 
distances among mem can be arbitrarily changed to set the conditions that perfectty satisfy the function of 
me mechanisms for fimiting the conduction of heat by the same memod as me one described above It is 
furmer allowabte to form the gaps, slits 40. holes and windows 41 in a mixed manner. 

According to the present invention, me holding means 12 and ttie heat conduction means 1 1 may be 
constituted by different members or by the same member. 
« In the present invention, when the holding means 12 and tt)e heat conduction means 1 1 are constituted 
by the same member, mey can be formed as a unitary stnicture from me same material by me punchino 
method. In mis case, the gaps, slits 40. holes or windows 41 are arranged in a suitable number at the 
predetermined portions between ttte holding means and the heat conduction means 11. In the case of the 
gaps or slits 40. me heat conduction assist means 31 are fonned at the same time. Therefore, the gaos or 
40 slits are formed discretely. or 
Therefore, the widm of tiie gaps or slits, or the distance between the windows or holes can be 
designed under nearly the same conditions as those of the widm and distance of tiie heat conduction assist 
means. 

According to the present invention, it is desired ttwt .a reflection paint 6 is applied or printed onto the 
45 surface 7 of the heat conduction means 1 1 opposed to the light-guide means 14. 

Employment of the above^entioned constitution makes it possible to omit me fight-guide plate 
reflection sheet 21 ttwt has heretofore been spread on the surface 9 of the Hght-guide means 14 opposed to 
the heat conduction means li. as well as to intimately adhere the heat conduction means 11 onto me iioh|. 
guide means 14. ^ 

50 In the planar display device according to the present invention, heat is generated when the fluorescent 
tube 13 IS turned on, and the temperature rises at the ends of me light-guide plate 14 due to the heat 
radiated from me heat conduction plate ir via me light-gukJe plate 14 and the holding member 12 on the 
tower surface side. The Bght^ide plate 14 and tt^ light-guide plate reflection sheet 2 1 are bom made of a 
resin and have low heat conductivity. Therefore, the temperature differertce becomes great between the 
55 ends of me fight-guide plate 14 and me central portion of me light-guide plate 14. However, the heat 
conduction plate IT having a targe heat conductivity that is tocated ctose thereto makes it possible to 
decrease the temperature between the ends and the centrar portion of me light-gukle plate 14 Moreover 
the heal of the fluorescent tube 13 conducted to the hoWing member 12 of me lower surface side is furmw 
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conducted to the heat conducUon plate ir via the air layer of tow heat conductivity in the gap 30. 
Therefore, the heat is not conducted in such an amount that it raises the temperature of the heat conduction 
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e 11*. 

In Tabte 1 are listed heat conductivities of the materials that can be used as the heat conduction means 
1 1 In F.QS 1(A) and 1(B). the effect is obtained to a sufficient degree even when the heat conduction plate 
\y is made of iron which has a heat conductivity of 62.5. However, a greater effect is obtained when use ts 
made of aluminum or copper having a larger heat conductivity. When the heat conduction plate ir .s rnade 
of aluminum, furthermore, the thickness of the heat conduction plate IT can be decreased to one-third to 
obtain the same capacity of heat conduction as that of iron. Moreover, since aluminum has a specific 
gravity which is about one-third that of iron, the weight can be deaeased into about one-ninth. 



Table 1 



Vinyl chloride: 


about 0.2 


Acrylic resin: 


about 0.2 


Iron: 


62.5 


Alumiru^: 


196 


Copper 


332 


(Kcal/m-hr» 'C) 
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m the aforementioned enibodimeni shown in F-o* '(A) and 1(B). the temperature is nearly unHormly 
distributed in the display means 1 9 and the temperature rises hWe 

AS indicated by a broken line in Rg 1(A). therefore, provision .s made of heat conduction assist means 
31 to laed the heat from the holding member 12 of the lower surface side to nearty the central portwn of 

ISn'lJSir o??J llLscem tube 13 conducted to the hoWing member 12 of the lower surface side 
IS hiither ccnducted to the heat ccnductioo plate 1 1 via the heat conduction assist means 31 to raise the 
em^l^Sme central portion of the Ught-guide plate 14. Therefore, the P"^/^""' "l?^^ 
S^r^rwhere the temperature is tower than that of both ends of the light-guide ptate 14 m« naoe«e me 
hSt emitted from the fl\«rescen, tubes 13. is now heated by the heat ^'"^^^'Z.'^iX^ 
plate 11- via the heat conduction assist means 31. enabBng the temperature to be further unHormly 
distributed in the light-guide plate 14. ^ ^ ' ^ ^ _ n 

The amount of he« conducted to the h«« conduction plats 1 f «a me heal conductton assist me«« 31 
can be controlled by changing the width, length. positic« or number of the he« ^^^^ 
By suitably selecting them, merefore. the temperature distribution can be optimized m the I.ght^ju^te plate 

in figs 1(A) and 1(8). turthermoce. the heat conduction plate 1V has a si« which is slightly greater 
J tt^tsiiy are. (0) o. the disptay device. The temperature ^^^^'^'^T^ "^'^ JfJ 
Cannes d^ino uDon the sije Of the heat conduction plate IV. too. Therefore, the s«e of the heal 
SSofSS irtTy decreased to be smaller than the display area (D) of the disptey device 

"^ in mis case, the heat conduction assist meant 31 can be a portion of me 

lower surface side or of me heat conduction plate IV. and mutual mechanical and thermal connections can 
tZ:^^^^ by imputing a suitabta resiliency '^^-^'^ ^" J' 
contact between me heat conduction plate 1 V and me light-auKle plate reftection *^21 may be 
bTXng upon me above-mentioned resiliency and omitting me adhosn«, tape 23 mat is interposed 
between the heat conduction plate IV and the light-guide plate relleclion sheet 21. _ , _^ 

^/Ts Of «; dispuy device . according to anomer embodiment of me '"T'S;'- 

,n fJt. me heat conduction plate IV «id me holding member 12 of me "o-* «J« 
hohi^ide plate 14 and mo fiuoresceni tubes 13. are also made of a matenal having a targe hea 
SiSTrty I 9^30 is formed except at two ptaces a. an «,ual distance from me two fluoresceril 
SS^^«^».e conduction p«e IV and me holding member 12 of me tower surface side are 

""rS^Si^rrhT^:!^ assist means 31 o, Fig. ,(A, atso func«ons as a connection 
oortl^e ^nnS^on 27 is me same as mat of me heat conduction assist mean, 3i 

STs ^oflS^bed herTHere. howe^r. me connectioo portion may have resiliency so m« 
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i'SS^'JU'^T^" '""^ "''"•S"'* '«»"«^ Sheet 21. 

As descnbed al»ve. the heat conducted to tf» heat condoctiori plate 1 1* via the 
ca^ be ccnuolted^changinB th. widm. u,n^, po^fico or num.«r of the con^^rS^nTTev 
au.tatXy selecting them, the temperature dlstribotion can optimized In the Bght^uide i^e U 
s In the embodiment o< Rg. 7. the heat conduction plate if and the holding member 12 of the lower 
surface SKle are made of the same material, and can be molded as a unitar/structu« using on^ ^a^ 
mold. n«tang rt po«ible to decrease me iniSal cos. required for the metal mo7 *SLe Z^oi 
r.rcSerj^."*" pan* -re mo^ed « a um..,, structure. ^ fa.«af .e assem^^Zro 

'0 ■^«V'»-«« *h°'«''"»^'9- 8. a protuberance 50 having resiliency is provided at a sui^ 

jnner penpherel poriwn of the hotd-ng means 12 of the display device 1 in order to impart a t^^inj ft^e to 
aTiilS. ^ f^at conduction means 11 toward the light^uide m^a 

The Protuterance SO also functions as the heat conduction assist means 31 . and its positior. and its 

rr®^^'^" *^ "^""^ ^ •«« "^"^fo" a«»i« mMns or to the 

distvKe between the windows or holes or to the width between the gaps or slits, as a matter of course 

• T J' I t**^" '»«on«'»g to a further embodimont of the present 

im^nbon. A reflection paint Is applied or pnnted onto the surface of the heat conduction plate IV havino a 
large heat conductivily wtiich is then provided on the back surface of the light-guide plate 14 to omit The 

^ rJL nTT^ " "^J**^ by wrapping the fluor^ tube iT 

^"^ " ""'^ on the whole back surtace of the light-guide plate 14 itw liam 
utiizatton effioernnr IS enhanced. Here, the fluorescent tube reflection she« 22 has a small heal con^u.^. 
ity as described earlier, and the temperature of the heat eooduetion platen- rise* little 
" ^ "^JT^^ Plate 11 can be fastened to the light-guide plate 1 4 by the methods described tor 

may be ubbzed or the lesifiency of the connection portion 27 may be utiliaed 

The light-guide plate 14 and the holding member 12 of the lower surface side holdina the two 
fluorescent tub« ,3. are so shaped as to maintein a gap 30 refativ, to the heat conduction plUS ir 
T^1T7!!^ •* the end. and the central portion of me lighti^ide plate 

Irt^ " ""^B • '"^ conductivity Is located ctose ttteretow in the 

af<^entoned embodimenb. Owing to the presence of me gap 30. turthemwre. me temperature of me 
he« conductten plateir does no. rise. Moreover, since me light-guide plate reflection sf»e«Tl us^^ S 
aforementioned embodunents is not used in mis embodiment, i. is possible to decrease me cos. of me 
JJ matenal. me number of the assembling Stops and the cost ««« mo cos. oi me 

'^'^ reference to Rg. 10 is me constltotion of me display device according to a 

sWI further embodimeni of the present invenfion. -tcwoing to a 

'° in which m. holding means 12 and me heat conduction 

means It are superposed one upon me omer a. me peripheral portions mereol. and me heat coruluetion 

or slit 70 bobveen the holding means 12 and me heat conducfion means 11 

™ 1 1n*Zr? 'IIII^'^J*''****" ^' "^^^ » of at least one in me gap 

1!!.?,?^ 'JJiZH*!!?^ at right angle, wim me light^emitS 

means It I, hirther desrad m« me heat conduction assW mean. 31 is provided in a number of a. lea« 
" 1* sap » »« 70 formed in m. portion HI as indicated in Rg. 6. in me direction in parallel wim me 

ligW-emming means 1 3. Mere, rt is desired mat me number of mo above heat conduction assist means 31 is 
smalter man me number of me heat conduction assist means 31 mat are provided in me gap or sW 70 
tomed «. me portion H2 as indicated in Fig. 6. in me directior. at right angles wim me light-emitting mean, 

^, -I^T^!!" " " '^"^ *" as*« "Hww 31 or me spacer pnwided in the gap or 

sirt 70 formed in me portion Rl In me direction at right angles wim me lighfemitting means 13. has a%*Jm 
wh«h IS narrower than me widm of me heat corxluction assist means 31 mat is pn>vided in me gap or slit 
70 formed in ttw portion R2 in me direcfion at right angles wim the light-emitting means 13 

In me above description of the embodiments of the present invention, me display means 10 was 
awwned to be a Uquid-crystei display element The display means 19. however, may be me one other man 
the bquKKrystel display element provided the display device employs the illumination device and the lloht- 
guide plate. The heat conduction plate can be mounted by emptoyfng a structure in wWcti the heat 
conduction plate is held by the holding porton of the lower surtace side via the insulating material or by 
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employino a means which secures the heat conduction plate from the back surlace thereof using a one- 
sided adhestve tape. 

In the above desaiption. the tfuorescent lamps 13 are located on both sides of the display means 19. 
Accordingly, the heat conduction assist means 31 of l^g. UA) and the connection portions 27 ol Rg. 7 are 
located nearly at intermediate positions of the two nuorescent tubes. In other display devices, however, the 
fluorescent tube 13 may be provided on one side only of the display means 19. In such a case, the heat 
conduction assist means 31 or the connection portion 27 will be located at a position most remote from the 
fluorescent tube 1 3 as a matter of course. 

According to the present invention as described above, a heat conduction plate il having a large heat 
conductivity is provided on the back surlace ol the lighl^uide ptate 14. and a gap is provided between the 
heat conduction plate tl and the holding member 12 that hokJs the fluorescent tube 1 3 or the light-guide 
plate 14 Therefore, the temperature rise is suppressed in the light^uide plate and the temperature vanance 
is decreased on the surface of ttte Bght-gukfa plate. Even when a display element susceptible to the 
temperature is used, therefore, the quality of the display device does not fail. 

aalms 

1 A display device comprising a planar display means constituted by fiquSd^rystal display elements, a 
light-guide means opposed to said display means, a light^itting means provided at least at an end 
Mrtion of said light-guide means, a reflection means covering said light-emitting means, and a holding 
means that holds said means as a unitary structure, wherein provision is made of a heal conduction 
means constituted by a member havir>g a large heat conductivity opposed to the surface of said Ijght- 
guide means of the side opposite to the surface which is opposed to said planar ^lay '"•"^ 
mechanism between said heat conduction means and said hoWing means, said mechanism fimrting the 
conduction of heat between said heat conduction means and said holding means. 

2. A display device according to claim l. wherein said light^ide means is a plate-like member made of a 
material having a small heat conductivity. 

X A display device according to claim i. wherein sakJ light-emitting means is a fluorescem tube. 

4. A display device according to daim i. wherein said heat conduction means is a plate^ike member 
made of a material having a large heat conductivity. 

5. A display device according to claim 1. wherein sid heat conduction means has an area which is the 
same as the area of said planar display means or is nearly the same as the area of sa.d planar display 
means. 

t A display devk» according to claim 1. wherein saw relief 

7. A display d<.via aeco«Jin9 to claim 1. wherein the mech«.i»n '^.»'.;;;"'» ^ 
between said heat conduction means and said holding means is provided m a portion between sad 
heat conduction means and said hoWing means and is at least dose to said liBht-emilting means. 

8. A display device accoiding to claim 7. wherein when the mechanisms that fimit the condurtion ot hert 
between said heat conduction means and said holding means are provided in a pcrton close to said 
light-emmino means and in a direction m parallel with said Bght^mitting means and « a portion in a 
dL^^rigm angles w«h said lighl^itting means between said h«« conduction means and saK) 
hSTme*". l»>en^anism provided in fte portion dose to said ^^'^'J^TL!:!^^'^, 
direction in parallel with said light-emitting means has the ability of limiting the conduct«n crfheat 
wh^ greater than the ability of limiting Ihe condudion of heat of me med«nism thai .s provKJed «» 
Ihe portion in the direction at right angles with said light-emitting means. 

9. A display device according to any one ol daims I. 7 and a -^^^^^J^ "^"^^"^IZ 
cond«ti«, 01 heat between said heat condudioo means and »a.d hoW^^ 

S^a gap. a slit a hole and a window provided between said heat condudKm mean, and saKJ hold.ng 

means. 
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10. A display device according to claim 9, wherein said holding means and said heat conduction means are 
made of different materials, and a continuous drcular pap is formed between said holding means and 
said heat conduction means. 

5 11. A display device according to claim 10. wherein a heat conduction assist means is provided in a portion 
of said continuous circular gap to connect said holding means and said heat conduction means 
together. 

1Z A display device according to claim 11. wherein said heat conduction assist means is provided in at 
TO least one place in said gap that is formed in at teast the portion in the direction at right angles with said 
light-emittirtg means. 

13l A display device according to claim 12. wherein said heat conduction assist means is provided in at 
least one place in said gap formed in the portion in the direction in parallel with said light-emitting 
fS means, and the- number of said heat conduction assist-means is smaller than the number of the heat 
conduction assist means that are provided in the gap formed in the porton in the direction at right 
angles writh said light-emitting means. 

14. A display device according to claim 12. wherein said heat conduction assist means is provided in at 
20 least one place in said gap formed in the portion in the direction in parallel with said light-emitting 
means, and the width of said heat conduction assist means is narrower than the width of the heat 
conduction means provided in the gap formed in the portion in the direction at right angles with said 
light-emitting means. 

25 15. A display device according to claim 9. wherein said holding means aru} said heat conduction means are 
made of the same material, and a discrete gap is formed beNveen said holding means arul said heat 
conduction means via heat conduction assist majans formed at predetermined portions. 

16. A display device according to claim IS. wherein said heat conduction assist means is provided in at 
30 least one place in said gap formed in at least the portion in the direction at right angles with said light- 

emitting means. 

17. A display device according to claim 18, wherein said heat corxjuction assist mearts is provided in at 
teast one place in the gap formed in the portion in the Erection in parallel with the light-emitting means. 

OS and the number of said heat corrduction assist means is smaller than the number of the heat 
conduction assist means provided in the gap formed in the portion in the direction ai right angles with 
the light-emitting means. 

ia A display device accordir>g to claim 16. wtierein said heat conduction assist means is provided in at 
40 least one place in said gap formed in the portion in the direction In parallel with said light-emitting 
means, and the width of said heat conduction assist means is narrower than the width of the heat 
conduction means provided in the gap formed in the portion in the direction at right ar>gles with said 
tight^mlttfng means. 

45 19. A display device according to claim 9, wherein said holding means and said heat conduction means are 
superposed one upon the other at tfie peripheral portions thereof, and the heat conduction assist means 
exist as spacers at predetermined portions in tf>e superposed portion to form a gap or slit between said 
holding means and said heat coTfduction mearts. 

50 20. A display device according to claim 19. wherein said heat conduction assist means is provided in at 
least one place in said gap or slit that is formed in at least the portion in the direction at right angles 
with said fight-emitting means. 

21. A display device according to claim 19, wherein said heat corKtuctioo assist means is provided in at 
55 least one place in said gap or slit formed in the portion in the direction in parallel with said light- 
emitting means, and tfie number of said heat conduction assist means is smaller then the number of 
the heat conduction assist means that are provided in the gap or slit formed in the portion in the 
direction at right angles with said ligfit-emrtting means. 



10 



EP 0 604 872 A1 



22. A display devide according to claim 19. wherein said heat conduction assist means is provided in at 
least one place in said gap or slit forrr>ed in the portion in the direction in parallel with said light* 
emitting means, and the width of said heat conduction assist means is narrower thart the width of the 
heat conduction means provided in the gap or sIH formed in the portion in the direction at right angles 
with said light-emitting mearts. 

2X A display device according to claim 11 or 16* wherein said heat conduction assist means has resiliency 
and imparts a t>iasirtg force to said heat conduction means to urge ft toward said light-guide means at 
all times. 

24. A display device according to claim i , wherein a reftection means is applied onto the surface of said 
heat conduction mearis opposed to said Hght-guide means. 

25. A display device according to claim 24. wherein said heat conduction means . is directly and intimately 
adhered to said light-guide means. 
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